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Alkaline phosphatase is a membrane-bound enzyme which hydro¬
lyzes phosphate esters at an alkaline pH. This enzyme has been
found localized on the murine thymic lymphoblast, in the placenta
and embryonic thymus up to 16 day gestation. Alkaline phosphatase
has also been found in cells surrounding the germinal centers in
the normal adult spleen of C57B1/6J mice. Lymphocytes from the
thymus, nodes, and spleen of normal adult CBA mice were stimulated
with concanavalin A to determine the appearance of alkaline
phosphatase during dedifferentiation of the normal immune response
and to determine the macromolecular requirements needed for this
enzyme induction.
Fluorometric analysis of time course experiments of blasting
lymphocytes indicated that alkaline phosphatase does appear in
blasting lymphocytes. Mitomycin C inhibited DNA synthesis and
alkaline phosphatase induction. Actinomycin D inhibited both
iii
RNA and DNA synthesis and alkaline phosphatase induction. Therefore,
the induction of alkaline phosphatase may be used as a lymphoblastic
marker in studying dedifferentiation in the normal immune response.
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CHAPTER I
INTRODUCTION
Alkaline phosphatase (APase) is a membrane-bound enzyme which
has been associated with the murine thymic lymphoma. Smith (1961,
1962) correlated the presence of APase with the thymic lymphoma
development in AKR and C57B1 mice. Metcalf et al. (1962) found that
APase activity of the thymic lymphoma is higher when compared to
that of the normal thymic tissue. They also observed that the thymic
lymphoma was associated with lymphocytes, but only after the cells had
become truly neoplastic. Lagerlof and Kaplan (1967), using histo-
chemical methods, showed that APase activity appeared simultaneously
with the development of the thymic lymphoma.
APase activity has also been associated with normal lymphoid
tissues. Ackerman and Knoff (1959, 1962, 1963) observed APase
activity in lympho-epithelical nodules of the bursa of Fabricuis in
the developing chicken. Hostetler and Ackerman (1966) found APase
activity in lymphocytic organs other than the thymus one to two days
prior to the appearance of lymphocytes in embroynic and neonatal
rabbits. Lagerlof and Kaplan (1967) showed APase activity in the
thymuses of C57B1 mice embryos up to 16 day gestation and in cells
surrounding the perivascular lymphatic sheath in the normal adult
mouse spleen.
Lumb and Doell (1970) biochemically characterized APase from the
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thymic lymphoma, normal adult spleen and 16 day embryonic thymuses
in C57B1 mice and found them to be similar. They therefore suggested
that APase may be a cell-coded enzyme which is de-repressed in the
course of neoplastic transformation.
A phenomenon which seems to be common to both the neoplastic
state and the normal immune response is the de-repression of normally
repressed genes. Since there have been reports of a placental-type
APase isoenzyme appearing in human tumor (Stolbach et al., 1969;
Fishman et al., 1968) and murine lymphomas (Lumb and Floyd, 1978;
Floyd et al., 1979) the present study was undertaken to determine
if alkaline phosphatase appeared during blast transformation in the
normal immune response and to determine macromolecular requirements
needed for its appearance.
CHAPTER II
REVIEW OF LITERATURE
Alkaline Phosphatase and the Murine
Thymic Lymphoma
Alkaline phosphatases (orthophosphoric monoester phospho-
hydrolase, E.C. 3.13.1) comprise a class of enzymes which hydrolyze
monophosphate esters at an alkaline pH. Because the high pH is
unphysiological, the biological importance of the reactions they
catalyze is unknown. However, this enzyme is found on many membranes
which have absorptive or secretory functions (Posen, 1967; Fernly,
1971); therefore, it has been suggested that APase may play a role
in transport.
Smith (1961, 1962) associated the appearance of APase with
the development of the thymic lymphoma in a comparative study of the
thymuses of AKR mice (a strain having a high rate of spontaneous
thymic lymphoma) and C57B1/6 mice (a strain with X-irradiated induced
lymphoma). Metcalf et al. (1962) studied the APase activity of mouse
lymphoma from the AKR and C3H strains. They found that APase activity
of the thymic lymphoma is higher than that of the normal thymic
tissues.
Siegler and Rich (1967) and Wilson et al. (1972) studied the
significance of increased APase activity in the thymic lymphomas.
These investigators used the Gomori histochemical method and found
APase activity in the thymic lymphoma only after it was three times
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the weight of the normal thymus. Thus, this technique did not show
APase in the early stages of the thymic lymphoma development.
Lagerlof and Kaplan (1967) using the more sensitive azo dye histo-
chemical technique, demonstrated that the appearance of APase is
associated with neoplastic transformation and not cellular prolifera¬
tion. Lumb and Doell (1970) biochemically compared APase from thymic
lymphoma, normal adult spleen and 16 day-old embryonic thymus and
found them to be related. They suggested that APase may be a cell-
coded enzyme which is de-repressed in the course of malignant trans-
fromation.
Induction of Alkaline Phosphatase in vitro
Some steroid hormones are inducers of alkaline phosphatase.
Griffin and Cox (1966a) found that prednisolone, a hydrocortisone
analogue, when added to Hela cells in culture, caused an initial
slow rise in alkaline phosphatase activity followed by a linear
increase at about 15 to 24 hr. They also demonstrated that induction
for this enzyme was RNA and protein synthesis dependent. Griffin
and Ber (1969), using synchronized populations of Hela cells, found
that APase induction by hydrocortisone was initiated during the
S period of the cell cycle, thus showing that hydrocortisone induction
of APase may be cell cycle dependent.
Melnykovych et al. (1967) using synchronized cultures found
an increase in APase activity following completion of mitosis and
then a decrease in APase activity during DNA synthesis. In a compara¬
tive study of growth properties of APase positive cells and APase
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negative cells in vitro and vivo, Sela and Sach (1973) found that
high APase activity was associated with a decrease in DNA synthesis
and cell growth. These results point towards a regulatory function
of APase in cell division.
Cox et al. (1971) postulated that cortisol increased the
activity of Hela cell APase by a modification of the enzyme during
or shortly after synthesis, this conformational change of the enzyme
may cause increase catalytic activity. This was later supported by
immunological studies performed by Gosh et al. (1972), and Lucid
and Griffin (1977).
Cyclic adenosine monophosphate (cAMP), its dibutyral derivative,
and 5-bromodeoxyuridine have been reported to elevate alkaline
phosphatase activity (Koymoma and Ono, 1971, 1972; Koymoma et al.,
1972) . Results indicate that this induction requires both RNA and
protein synthesis. Koymoma and Ono (1976) suggested that when
dibutyryl cyclic AMP is added to cultures of fibroblast cells, it
is probably degraded to cyclic AMP and butyric acid. The former then
acts on the cells synergistically to produce enzyme induction. In
constrast, Griffin et al. (1974) had reported that butyrate, not
cyclic AMP, induced alkaline phosphatase in Hela cells. Several
heteroploid cell lines have shown an induction of APase when grown
in culture with 5-bromodeoxyuridine. Likewise, DNA inhibitors such
as ara-c, mitomycin and phleomycin were found to be inducers of
alkaline phosphatase, but they were not as effective as 5-
bromodeoxyuridine (Bulmer et al., 1975; Chou and Robinson, 1977).
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Deutsch et al. (1977) showed that alkaline phosphatase activity
of Hela cells grown in medium containing certain aliphatic mono-
carboxylates was increased 3- to 8-fold. The monocarboxylates
also inhibited Hela cell multiplication. It was hypothesized that
DNA synthesis may not be necessary for enzyme induction. This
hypothesis was supported by the fact that ara-c, hydroxyurea and
methotrexate, three inhibitors of DNA synthesis, also increased
alkaline phosphatase activity.
Alkaline Phosphatase in Normal
Lymphoid Tissues
Alkaline phosphatase has been associated with the
development of normal lymphoid tissue. Ackerman and Knoff
(1959, 1962, 1963) observed APase activity in lymphoepithelial
nodules of the burca of Fabricius in the developing chicken. By
histochemical analysis, Hostetler and Ackerman (1966) found
consistent development of APase activity in lymphocytic organs other
than the thymus one to two days prior to the appearance of lymphocytes
in these organs of embryonic and neonatal rabbits. Lagerlof and
Kaplan (1967) showed APase activity in the thymus of C57B1 mouse
embryos up to 16 day gestation. They also observed APase activity
localized in cells surrounding the perivascular lymphatic sheath in
the normal adult mouse spleen.
Kouvalainen (1971) histochemically demonstrated that the amount
of APase activity in the thymuses of different species varies. Of the
several species studied, he concluded that the APase activity was
located in the cortex of the thymus and that the guinea pig thymus
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had the most activity. The localization of APase activity has also
been demonstrated ultracytochemically on the cell membrane of
guinea pig thymocytes (Ruuskanen, et al., 1975). The cortical
thymocytes contain higher APase activity than the medullary thymocytes.
It was suggested that APase activity is lost or greatly diminished
during cortical thymocyte maturation into medullary thymocytes,and
furthermore into peripherial T-lymphocyte, resulting in only 1% of the
peripheral lymphocytes containing APase activity. These observations
were similar to those found by Kaplow (1969) in which 5.8% of
circulating lymphocytes were APase positive in the mouse, and human
peripheral blood lymphocytes APase varied between 0% and 1.5%.
Kramers et al. (1978) also found measurable amounts of APase in
normal peripheral blood lymphocytes.
By using BSA gradient centrifugation, Soppi et al. (1977)
found two distinct populations of guinea pig thymocytes. The low
density population consisted of 62% of lightly stained APase
positive thymocytes, while the high density population consisted of
77% darkly stained APase positive thymocytes. Thymocytes in the
low density population responded well to PHA and con A, while the
high density population responded poorly to PHA and there were no
responses by con A stimulation. The significant differences of APase
activity in both populations were confirmed biochemically. These
data suggest that APase may play a role in the development of
normal lymphoid tissues during cellular differentiation.
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Lymphocyte Blast Transformation
Lymphocytes undergo morphological and metabolic changes and
subsequently cellular division when interacted with various agents.
These alterations are referred to as mitogenic stimulation, lymphocyte
transformation or blastogenesis. The mechanism by which lymphocytes
blast or transform is unknown, but it is generally accepted that the
initial event, lymphocyte activation, is located on the cell
surface membrane.
Nowell's (1960) discovery of the mitogenic activity of
phytohemagglutinin (PHA) isolated from the red kidney bean, Phaseolus
vulgaris, began a revolution on the functions of lymphocytes and
the usage of mitogens to stimulate lymphocyte transformation with
regard to growth control. Recently, a variety of plants, bacteria,
and chemical substances have been shown to be mitogenic (Sharon
and Lis, 1972).
Early Biochemical Events in Lymphocyte
Blast Transformation
A variety of early biochemical events have been shown to occur
upon the stimulation of lymphocytes. Although phytohemagglutinin
(PHA) has been the mitogen most widely used to detect these early
events, it is thought that other mitogens can induce the same effect.
Early biochemical events which occur during lymphocyte trans¬
formation include changes in the cell membrane such as permeability
(Peters and Hausen, 1971) and lipid metabolism (Fisher and Mueller,
1968; Kay, 1968; Resh et al., 1972). Acetylation of histones is
increased (Pogo et al., 1966) as well as the phosphorylation
of nuclear proteins (Kleinsmith et al., 1972). Rapid
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acceleration of RNA (Cooper and Rubin, 1965; Mueller and LeMahieu,
1966) and protein synthesis (Bach and Hirschhorn, 1963; Kay and
Korner, 1966) also occurs. Enzymes such as thymidine kinase, deoxy-
cytidine kinase, and deoxycytidilate deaminase increase (Pegoraro
and Bernergo, 1971) . Active DNA synthesis occurs at about 30 to
48 hr and later the cells enter mitosis (Bender and Prescott, 1962;
Mueller and LeMahieu, 1966).
Concanavalin A
Concanavalin A (con A) was isolated from the jack bean,
Canavalia insiformis by Sumner (1919). As early as 1936, Sumner
and Howell observed that con A agglutinated horse erythrocytes at
concentrations as low as 0.1 pg per ml.
Recent crystallographic studies described con A as being
composed of two identical subunits. At a physiological pH con A
subunits are tetramers with four saccharide binding sites (Edelman
et al., 1972). Because it is multivalent, con A may cross-link
receptors between cells causing them to agglutinate (Wang et al.,
1971; Edelman et al., 1972).
Con A stimulates thymus-derived (T) cells (Andersson et al.,
1972) and induces lymphocyte transformation (Beckert and Sharkey,
1970; Norogrodsky and Katchalski, 1970; Janossy and Greaves, 1971).
This mitogenic lectin shows a characteristic unimodal dose-response
curve for a given population of lymphocytes. For example, concentra¬
tions below or above the optimum show no stimulation (Gunther et al.,1973). The action of con A on lymphocyte stimulation can be reversed
10
by the specific saccharide, methyl-ot-D-mannopyranoside (Powell and
Leon, 1970; Norogrosky and Katchalski, 1971), suggesting that the
critical initial event in the cellular activation is the binding
of the lectin to the cell surface. Con A is also precipitated by
polysaccharides containing a-D-mannopyranosyl or 6-D-fructofronosyl
units (Goldstein et al., 1965) and certain serum glycoproteins
(Nakamura and Suzuno, 1965; Leon, 1967; Morse, 1968).
Inbar and Sachs (1969) showed that con A agglutinates leukemic
cells and cells transformed by polyoma virus, simiam virus 40,
chemical carcinogens and X-irradiation but not normal cells.
Moscona (1971) found that con A agglutinated embryonic and neoplastic
cells. Weiser (1972) observed that con A binds epithelial cells
from the intestine of the human fetus but not from the adult.
These data suggest that con A may react with receptor sites that are
common on cell membranes of both the fetal and neoplastic cell,
but absent or masked on the adult cell membrane.
CHAPTER III
MATERIALS AND METHODS
Preparation of Lymphocyte Cell Suspension
Preparation of lymphocyte cell suspension was carried out
aseptically according to the methods of Mishell and Dutton (1967),
with modifications, using Eagle's minimum essential medium (MEM)
supplemented with 10% fetal calf serum, 2 mM glutamine and 1 unit
each of penicillin and streptomycin. Male CBA/cum mice (6-8 weeks
old) were sacrificed by cervical dislocation. The spleen, thymus, and
lymph nodes were removed, pooled and placed in a plastic tissue
culture dish containing 10 ml cold Eagle's MEM. The pooled tissues
were transferred to a number 60 gauze wire mesh covering a plastic
tissue culture dish and gently teased apart with sharp curved
forceps. The remaining fragments were gently pressed through the
wire mesh with a 10 ml syringe barrel. Ten ml of MEM was immediately
added to each cell suspension. Each cell suspension was transferred
to sterile 15 ml plastic centrifuge tubes and placed in an ice bath
for 3-5 min to allow the sedimentation of the large particles.
The supernatants were transferred to other 15 ml centrifuge tubes
and centrifuged for 10 min at 4 C and 1000 rpm. The cell suspensions
were washed twice with 10 ml of MEM. After the last centrifugation
the supernatants were decatned and the pellets were resuspended in
3 ml of cold MEM. Cell counts were performed using the
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Electrozone/celloscope (Particle Data, Inc.). Viability of the
lymphocyte cell suspensions were estimated by trypan blue dye
exclusion test according to Pappenheimer (1917). The cell
suspensions were adjusted to a final cell density of 5 X 10° cells/ml.
Nylon Wool Technique
Spleen cell suspensions were carried through a nylon wool
column by modified methods of Juluis et al. (1973). Columns were
prepared by lightly packing nylon wool to the 5 to 6 ml mark of a
10 ml syringe. They were autoclaved and stored at room temperature
until usage. Before use each column was washed once with cold
Eagle's MEM and 60-150 X 10^ cells/ml were applied directly to the
column. The nonadherent spleen cells were collected in sterile
centrifuge tubes and washed twice at 4 C and 1000 rpm. The pellets
were resuspended to a final density of 5 X 10^ cells/ml. Viability
of cell suspensions was employed as previously described.
Mitogen
Dehydrated concanavalin A in 1 M NaCl (Difco Laboratories) was
reconstited to 10 mg/ml with sterile distilled water. This stock
solution was kept refrigerated until used. Before usage the stock
solution was diluted with cold Eagle's MEM so that the final concentra¬
tion of con A to lymphocyte cell cultures was 5 pg/ml.
Lymphocyte Cell Culture Technique
Plastic covered sterile microtiter plates and lids were opened
in a sterile manner under the bioflow hood and labelled accordingly.
Using a sterile pipet,25 yl of con A (50 yg/ml) was added in triplicate
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to the control and experimental microwells, respectively. To each
microwell 200 yl of the appropriate lymphocyte cell suspension was
added using a sterile 1 ml pipet. The microtiter plates were covered
with the lids and placed in an incubator with a 37 C humidified
atmosphere which was supplemented with 5% CO2 until the appropriate
harvesting time.
Metabolic Inhibitors Assay
Metabolic inhibitors mitomycin C and actinomycin D (Sigma
Chemicals) were dissolved in sterile distilled H2O in concentrations
of 400 yg/ml and 100 yg/ml, respectively. The solutions were kept
at -20 C. Before using the inhibitors they were further diluted
with Eagle's MEM so that the final concentration in lymphocyte
cultures of mitomycin C was 50 yg/ml and antinomycin D was 1.25 yg/ml.
Radioactive Labelling of Lymphocyte Cell Culture
Four hr prior to termination the cultures, 0.5 yci of either
H^-thymidine (sp. ac. 6.7 Ci/mmol) or H^-uridine (sp. ac. 40-50
Ci/mmol) was added in triplicate. All radioactive isotopes were
purchased from New England Nuclear, Boston, Massechusetts.
Lymphocyte Cell Harvesting Technique
The Otto Hiller cell harvester apparatus was employed to harvest
the labelled lymphocytes. The cells were collected on Reeves angel
filter paper strips and washed twice with 0.85% saline, 5% trichlor¬
acetic acid and absolute methanol. The filter paper strips were
dried and the discs were punched out. The discs were placed in
Beckman's plastic counting vials containing 3 ml of scintillation
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cocktail (3 liters of scintillation grade toluene, 1 g POPOP and
18 g PPO). Each vial was counted for 10 min using a liquid scintilla¬
tion counter (Beckman Model 7000).
Preparation of Lymphocyte Cultures for
Alkaline Phosphatase Assay
Lymphocyte cultures were pooled from the microtiter plates to
a total volume of 3 ml for controls and 3 ml for con A-stimulated
cultures, respectively. The pooled cultures were centrifuged for
10 min at 4 C and 1000 rpm. The supernatants were decanted and the
remaining pellets were resuspended in 3 ml of 0.01 M Tris HC1, pH
7.4, containing 0.85% saline and 50 mM a-methyl-D-mannoside (MAM). The
suspended cells were allowed to set at room temperature for 10 min.
The cells were then washed twice with 0.01 M Tris HC1, pH 7.4, with
saline. The remaining pellets were resuspended to 0.3 ml with 0.01
M Tris HC1, pH 7.4,with saline. From each tube 0.1 ml was taken for
cell counts and the remaining 0.2 ml were used for the alkaline
phosphatase assay.
Fluorometric Assay for Alkaline Phosphatase
The fluorometric assay for APase was carried out by the methods
of Moss (1960). The Turner Model III was used to determine the
fluorescence using alpha naphthol phosphate (a-NP) as the substrate.
The excitation of a-naphthol was at 366 and the emmission of a-naphthol
was at 464 nm. The working solution consisted of 0.52 mM of a-NP in
1 M diethanolamine pH 10 (DEA) buffer. The working solution was pre¬
incubated at 37 C for 5 min in a 4 ml reaction volume. The lymphocyte
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cell suspension was added to the working solution and the formation
of a-naphthol was recorded by fluorescence for 2 min at a constant
temperature. One unit of alkaline phosphatase activity was defined
as 1 ymole of a-naphthol produced per min at 37 C or the amount of
a-naphthol produced per million cells per min at 37 C. Enzyme
specific activity was expressed as 1 ymole of a-naphthol produced
per mg protein per min. Protein assays were performed as described
by Lowry et al. (1951).
CHAPTER IV
EXPERIMENTAL RESULTS
In order to calculate alkaline phosphate activity as the amount
of a-naphthol produced per million cells per min, accurate cell
counts of unstimulated and con A-stimulated cultures had to be
made. When the automatic cell counter (Electrozone/celloscope) was
employed to count the number of cells in each culture, it was found
that con A-stimulated cultures always had lower numbers per ml than
the unstimulated cultures. This was attributed to the agglutination
of cells by con A. Table 1 represents the effect of a-methyl-D-
mannoside (MAM) , a specific saccharide for con A, on lymphoid
(thymus, nodes, spleen, and nylon wool-treated spleen) cell number.
Con A-stimulated cultures that were washed with MAM at the end of
the incubated period had significantly higher cell numbers than
those that were not washed with MAM. The unstimulated culture cells
remained approximately the same whether they were washed with MAM
or not.
Table 2 compares the APase activities of cultures washed with
MAM to cultures not washed with MAM. There was no significant
difference in APase activity of the unstimulated cultures before
or after washing with MAM. The con A-stimulated APase activity
increased when cells were washed with MAM in the thymus, spleen
and nylon wool-treated spleen cells as compared to the cultures that
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Table 1. Effect of MAM on cell number after concanavalin A stimulation.
Tissue Con Aa Cell
-MAMb
Number X 10b cells/ml
+MAM
Thymus - 7.0 7.7
+ 3.9 8.6
Nodes - 5.6 5.7
+ 2.5 5.8
Spleen - 9.4 9.6
+ 4.5 9.5
Nylon Wool-Treated — 5.9 5.8
Spleen
+ 2.3 5.6
aConcanavalin A = 5.0 pg/ml
ba methyl-D-mannoside = 50 mM
Table 2. Effect of MAM on alkaline phosphatase activity after concanavalin A stimulation.
Tissue Mitogen3 APase Activity^
-MAMC Ratio +MAM Ratio
Thymus - 0.46 - 0.54 -
+ 0.87 1.87 1.88 3.48
Nodes - 0.46 - 0.42 -
+ 0.73 1.58 0.72 1.73
Spleen - 1.91 - 2.00 -
+ 3.36 1.76 4.14 2.0
Nylon Wool-Treated - 1.54 — 1.84 -
Spleen
+ 2.87 1.86 3.41 1.84
aMitogen = Con A 5.0 pg/ml
bAPase Activity = ymoles a-naphthol produced/lO^ cells/min
CMAM = a-methyl-D-mannoside 50 mM
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were not washed with MAM. There was no significant difference in the
con A-stimulated APase activity of the cells from the lymph nodes
washed with MAM as compared to the APase activity of those not
washed with MAM.
Figure 1 represents the effect of con A on the appearance of
alkaline phosphatase in thymocytes of CBA mice. At 4 hr the ratio
of blast transformation ^+^°n of H^-thymidine incorporation
and the APase activity ( -naphthol produced/10^ cells/min) decreased
until 8 hr, after which there was a linear increase of the blast
transformation ratio and APase activities of both the unstimulated
and con A-stimulated cells.
Figure 2 represents the effect of con A on the appearance of
alkaline phosphatase in the nodes of CBA mice. At 4 hr there was
a slight decrease in blast transformation ratio and APase activity
until 8 hr, after which there was an increase in blast transformation
ratio and APase activities of both unstimulated and con A-stimulated
cells. At 20 hr there was a slight decrease in the unstimulated
APase activity.
The effect of con A on the appearance of alkaline phosphatase
in spleen cells of CBA mice is indicated in Fig. 3. There was a
slight decrease in blast transformation ratio and APase activity of
both unstimulated and con A-stimulated cells between 4 hr and 8 hr
of incubation, after which there was a linear rise in blast transforma¬
tion ratio and APase activity of both unstimulated and con A-stimulated
Fig. 1 The effect of concanavalin A on the appearance of





thymidine (TdRH^) incorporation (A A ) , and
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and con A simulated cultures (o o) are plotted










Fig. 2 The effect of concanavalin A on the appearance of
alkaline phosphatase in lymph nodes in CBA mice.
+Con A
The blast transformation ratio of
-Con A
tritiated thymidine (TdRH^) incorporation
• ) , and the APase activity of
unstimulated
cultures (Q
(o -o) and con A stimulated
□ ) are plotted
against time of incubation.
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Fig. 3 The effect of concanavalin A on the appearance of
alkaline phosphatase in nylon wool-treated spleen
cells in CBA mice. The blast transformation
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cells. At 16 hr the blast transformation ratio decreased and the
APase activity of the con A-stimulated cells decreased slightly at
20 hr.
The appearance of alkaline phosphatase in nylon wool-treated
spleen cells, as affected by con A, may be visualized in Fig. 4.
There was a slight increase in the blast transformation ratio between
4 and 8 hr; concomitantly the APase activity of the unstimulated
and con A-stimulated decreased. The blast transformation ratio
continued to rise until 16 hr of incubation, and then it decreased.
The APase activity of both unstimulated and con A-stimulated
continued to rise linearly.
The initial decrease in APase activity ratios between unstimulated
and con A-stimulated cultures (Table 3) may have been due to cell
death or cell shock because of being placed into culture. After 8
hr in culture the APase ratios began to increase, leveling off at
about 16 hr of incubation.
Table 4 represents the effect of mitomycin-C on APase activity
in thymocytes cultured for 24 hr. Mitomycin-C added at the
beginning of the incubation period (0 hr) reduced the APase activity
of both unstimulated and con A-stimulated cultures to approximately
2-fold as compared to the control cultures in which no mitomycin-C
was added. Mitomycin-C added to the cultures after 16 hr of incubation
also decreased the APase activity in both unstimulated and con A-
stimulated cultures, but not as much as when the inhibitor was added
Fig. 4 The effect of concanavalin A on the appearance of
alkaline phosphatase in spleen in CBA mice. The
/ +Con A
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Table 3. Level of alkaline phosphatase activity of con A stimulated to that of unstimulated
cultures in various lymphoid tissues.
Time Alkaline Phosphatase Activity3
Thymus Nodes Spleen Nylon Wool-Treated Spleen
4 1.03 2.13 1.10 1.06
8 1.18 1.02 0.96 1.44
16 1.38 1.26 2.56 3.52
20 2.22 1.47 3.26 2.43
24 3.05 2.00 1.66 2.08
aAPase Activity = y moles a-naphthol produced/10^ cells/min






APase Activity0 Ratio Blast Transformation^ Ratio
-Con A +Con A -Con A +Con A ^
+Con A A
-Con A J
- - 0.169 0.402 2.36 438.4 7392.2 16.86
+ 0 0.093 0.225 2.41 105.2 130.3 1.24
+ 16 0.104 0.343 3.30 336.9 758.9 2.25
aInhibitor = Mitomycin-C 50 pg/ml
^Time = Hour in which inhibitor was added
cAPase Activity = pmoles a-naphthol produced/10^ cells/min
^Blast Transformation = Counts per min after 4 hr - thymidine treatment
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at 0 hr. This Table also shows that DNA synthesis uptake of
H^-thymidine is blocked when the inhibitor is present.
Actinomycin-D added at the beginning of the incubation period
(0 hr) had no significant effect on the APase activity in the
unstimulated culture after 24 hr (Table 5). Con A-stimulated
culture with actinomycin-D added at 0 hr APase activity was reduced
to approximately 2.5-fold as compared with the con A stimulated
cultures that contained no inhibitors. There was no significant
effect of actinomycin-D added at 16 hr on APase activity of the
unstimulated or con A-stimulated cultures. This Table also shows
that RNA synthesis (uptake of H^-uridine) is blocked by the addition
of actinomycin-D.
Table 6 shows the comparison of specific activities of alkaline
phosphatase and alkaline phosphatase activity per million cells per
minute of blasting lymphocytes from various lymphoid tissues. The
total protein concentration increased approximately 2-fold in con
A-stimulated cultures as compared to the unstimulated cultures.
The cell numbers of the unstimulated and con A-stimulated cultures
remained about the same in each tissue. The specific activity and
APase activity of each tissue were increased in the con A-stimulated
cultures as compared to the unstimulated cultures.
Table 5. The effect of actinomycin-D on alkaline phosphatase activity in 24 hours cultured
thymocytes.
Inhibitors3 Time^ APase Activity3
TdRH3 UdRH3
-Con A +Con A Ratio -Con A +Con A Ratio -Con A +Con A Ratio
- - 0.167 0.295 1.76 410.9 2109.2 5.13 5712.0 4797.4 0.83
+ - 0.146 0.112 0.76 942.0 175.2 0.18 364.4 551.7 1.51
16 0.129 0.286 2.17 522.4 295.4 0.56 82.7 155.5 1.86
aInhibitor = Actinomycin-D
^Time = Hr inhibitor added
cAPase Activity = ymole a-naphthol produced/10^ cells/min
^Blast Transformation = Counts per min after 4 hr H3-thymidine or 3H-uridine treatment
Table 6. Comparison of specific activity of alkaline phosphatase to alkaline phosphatase















Thymus - 4.0 1.62 2.44 - 12.0 0.33 -
+ 11.9 2.31 5.15 2.11 11.5 1.03 3.13
Nodes - 3.3 1.03 3.20 - 8.0 0.41 -
+ 12.1 2.30 5.27 1.64 8.2 1.48 3.59
Spleen - 40.6 1.61 25.21 - 16.2 2.51 -
+ 152.0 2.16 70.37 2.70 15.6 9.74 3.89
Nylon
Wool-
- 42.0 1.48 28.37 - 14.2 2.95 -
Treated ■+* 134.8 2.56 52.65 1.85 12.5 10.78 3.65
aMitogen = Con A 5.0 yg/ml
t>APase Activity = pmole a-naphthol produced/ml of extract/min
cSpecific Activity = 1 ymole a-naphthol produced/mg of protein/ml of extract/min
CHAPTER V
DISCUSSION AND CONCLUSION
Alkaline phosphatase activity has been associated with the cell
membrane of thymic lymphomas (Smith, 1961, 1962; Metcalf et al.,
1962; Lagerlof and Kaplan, 1967; Siegler and Rich, 1967; Lumb and
Doell, 1970; Wilson et al., 1972). APase activity has also been
associated with normal lymphoid tissue (Ackerman and Knoff, 1959,
1962, 1963; Hostetler and Ackerman, 1966; Lagerlof and Kaplan,
1967; Kouvalainen, 1971; Ruuskanen et al., 1975; Soppi et al., 1977).
These data suggest that alkaline phosphatase may play a role in the
development of normal lymphoid tissue during cellular differentiation.
In the present study normal lympoid tissues (thymus, nodes,
spleens, and nylon wool-treated spleen cells) from CBA mice were
stimulated with concanavalin A to determine if alkaline phosphatase
appears during blast transformation in the normal immune response.
Alkaline phosphatase activity was calculated as the amount of a-naphthol
produced per million cells per min. In order to do this calculation,
an accurate number of lymphoid cells per ml of cell extract was needed.
When using the automatic cell counter, con A-stimulated cultures always
had lower cell numbers per ml than the unstimulated cultures. It has
been reported that con A cross-link receptors between cells causing
them to agglutinate (Wang et al., 1971; Edelman et al., 1972). This
action of con A can be reversed by the specific saccharide
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a-methyl-D-mannoside (MAM) (Powell and Leon, 1970; Norogrosky and
Katchalski, 1971). When con A-stimulated cultures were washed with
MAM, the cell numbers increased. The unstimulated cell numbers
remained approximately the same. Thus, when con A-stimulated
cultures were washed with MAM, con A, which was bound to receptors
on the cell membrane, was released and attached itself to MAM.
The APase activity was increase when con A-stimulated cells
were washed with MAM. It has been shown by con A affinity
chromatographic studies that con A interacts with alkaline phosphatase
(Pitlick, 1976; Komodo and Skagishi, 1976). Change et al. (1975)
demonstrated by electrophoretic retardation technique and con A
chromatography that con A reacted with various human tissue sources
and highly purified human alkaline phosphatase. Their results indi¬
cated that the reacting human APases contained branched polysaccharides
with terminal a-D-mannopyranose, a-D-glucopyranose, D-fructofuranose
and their glucosides because of the specificity of con A toward
these carbohydrates.
It has been reported that hepatic, placental and bone isoenzymes
of alkaline phosphatase are glycoproteins (Schultze, 1962; Gosh and
Fishman, 1968). Since the con A-stimulated cultures APase activity
increased when washed with MAM, it is suggested that APase activity
probably increased when con A was released from the receptors on the
cell membrane. This indicated that con A was probably bound to some
of the polysaccharides that made up the alkaline phosphatase protein,
and perhaps blocked the activity of the enzyme.
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After an initial decrease, alkaline phosphatase activity ratios
and blast transformation ratios increased in all lympoid tissues.
The initial decreases may have been due to cell death or cell shock
because of the lymphocytes being put into culture. The APase
activity ratios reached a maximum of approximately 3.05 at 24 hr for
the thymus, 3.52 at 16 hr for the nodes, 3.26 at 20 hr for the
spleen and 3.52 at 16 hr for the nylon wool-treated spleen cells
during eht 24 hr incubation period. The fact that the APase
activity ratios increased to approximately 3.0 during the 24 hr
incubation period clearly indicates that alkaline phosphatase was
induced in the con A-stimulated cultures.
Nadler et al. (1967) observed alkaline phosphatase activity in
patients with Down's Syndrome. When peripheral blood was stimulated
with phytohemagglutinin, APase activity was elevated when compared
to controls. During their time course study the APase activity ratios
were 3.62 at 24 hr, 3.94 at 48 hr and 1.84 at 72 hr of incubation.
Lumb (personal communication) also observed similar results with normal
lymphocytes from Balb/c mice. These results are consistent with the
results presented here. Even though the lymphocytes in this study were
cultured only 24 hr, further studies should be performed to determine
if there is an actual decrease in the level of APase activity in long¬
term lymphocyte cultures.
The study presented here indicates that APase does occur during
mitogen induced blast transformation. However, Neumann et al. (1976)
found that phosphatase-N (APase-N) was absent in normal and mitogen-
stimulated lymphocytes of human, murine or porcine origin. APase-N
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was an isoenzyme isolated from murine lymphoma tissue and serum from
patients with leukemia that catalyzed the hydrolysis of the monoester
of orthophosphoric p-nitrophenyl phosphate (pNPP), but not the 5-
substituted monoester of thiophosphoric acid cysteamine-5-phosphate
(CASP). Normal human serum, however, can catalyze the hydrolysis
of both pNPP and CASP. In order to derive the level of N-APase,the
amount CASP hydrolyzed (split only by normal APase) was deducted
from the amount of pNPP hydrolyzed (Neumann et al., 1971, 1974).
In contrast, Earley (1977) and Njoku (1978) showed that murine
lymphoma hydrolyzed CASP at a rate of one-third that of pNPP and
the same ratio was obtained for the placenta and normal adult spleen.
The contradictory results of these investigators may be due to the
difference in methods of purification of APase, temperature, time
intervals, and buffer. Also, Neumann et al. (1976) lymphocyte
cultures were grown for 88 hr before assaying for N-APase. This may be
a reason why they did not detect N-APase. The cultures in this
study were grown for 24 hr. Since there are contradictory reports con¬
cerning the hydrolysis of CASP by APase in normal tissue, further
experiments using CASP as substrate in assaying for APase in mitogen-
stimulated lymphocytes may help resolve this contradiction.
The metabolic inhibitors, mitomycin C and actinomycin D were
employed to determine the macromolecular synthesis requirements for
the appearance of alkaline phosphatase. Mitomycin C inhibits DNA
synthesis by convalently binding the complementary strands of DNA
(Iyer and Szybalski, 1962). Actinomycin D combines with guanine-
containing sites of DNA, thus inhibiting DNA-dependent RNA synthesis
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(Hurwitz et al., 1962).
Mitomycin C,added at the beginning of incubation (0 hr) and 16 hr
later, reduced the APase activity of both the unstimulated and con
A-stimulated cultures. Since the APase activity of the cultures
that contained mitomycin C were reduced as compared to the control
cultures APase activity without the inhibitor, it was concluded
that DNA synthesis was necessary for alkaline phosphatase induction.
Mitomycin C and other inhibitors of DNA synthesis have been shown
to induce alkaline phosphatase activity (Bulmer et al., 1975;
Speeg et al., 1976; Deutsch et al., 1977). The actual mechanism
for this induction, however, is unknown.
The results indicated that mitomycin C did not induce APase
activity. The APase activity of both the unstimulated and con A
stimulated were reduced instead. Speeg et al. (1976) reported
that methotrexate, an inhibitor of DNA synthesis, induced APase
activity in choriocarcinoma cells only when RNA synthesis was not
inhibited. When methotrexate was used in concentrations that inhi¬
bited RNA synthesis as well as DNA synthesis, no induction of APase
activity occurred. This may have been the case here. The concentra¬
tion of mitomycin C used may have inhibited DNA synthesis and the
synthesis of RNA. These data clearly indicate that the APase activity
of thymocytes is reduced (in both unstimulated and con A stimulated
cultures) when the synthesis of DNA is greatly reduced.
APase activity of the unstimulated thymocyte cultures when
actinomycin D was added at 0 hr was approximately the same as the APase
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activity of the unstimulated cultures that contained no inhibitor.
In contrast, the APase activity of the con A-stimulated cultures
when actinomycin D was added at 0 hr approximately 2.6 fold less than
the con A-stimulated cultures which contained no inhibitor. These
data indicated that actinomycin D inhibited APase activity in con
A-stimulated cultures. The incorporation of H^-uridine was sub¬
stantially blocked in actinomycin D treated cultures.
When actinomycin D was added 16 hr later, the APase activity
of both the unstimulated and con A-stimulated cultures were similar
to the APase activity of the cultures which contained no inhibitors.
This indicated that the messenger RNA for the alkaline phosphatase
protein had formed before the addition of the inhibitor. Thus,
actinomycin D at this point had minimal effect on the appearance of
alkaline phosphatase activity.
Increases of enzyme activity levels may occur by increasing the
number of enzyme molecules or by increasing their catalytic efficiency.
A decreased rate of enzyme degradation can also induce increases in
enzyme activity. For example, pre-existing enzymes can be stabilized
by certain substances and their degradation may be delayed.
Though Griffin and Cox (1966b) and Cox et al. (1971) showed
that hydrocortisone-induced APase activity was dependent on protein
and RNA synthesis, they suggested that the hormone mediated a
conformational change in the enzyme during its synthesis, resulting
in high APase activity. Their immunological studies showed that
fractions of labelled proteins from control and hormone-induced Hela
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S3 cells, precipitated only one-fourth of the counts present in both
enzymes fractions. This indicated that the amount of radioactivity
and total protein was approximately the same in the enzyme-antibody
precipitates in both fractions even though the APase activity of the
induced fractions was 5-fold that of the control APase activity.
The remaining three-fourth of the radioactivity was incorporated
into non-alkaline phosphatase protein. They also found that
supernatants of the control and induced cultures were precipitated
by the same antibody concentration. It was concluded that the
increase of hormone-induced APase activity was due to the increase
of the enzyme catalytic efficiency and not increases in the alklaine
phosphatase protein.
Singer and Fishman (1975) presented data concerning the alkaline
phosphatase protein content of control and prednisolone-induced
cultures of HeLa TCRC-1 that make Griffin and Cox (1966b) and Cox
et al. (1971) data questionable. This HeLa cell type induced APase
activity was 2-fold that of the control. Using single immunodiffusion,
equal APase activities of both the control and induced cultures were
applied in graded dilutions to wells which contained antiserum to
placental alkaline phosphatase. They found that both cultures contained
similar amounts of APase activity per unit of alkaline phosphatase
protein that was present. Griffin and Cox (1966b) and Cox et al.
(1971), however, did not dilute the control and induced Hela APase
activity to equal APase activity and yet they obtained similar results.
A comparative study of each of the investigators' methods should give
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data to determine which method is more conclusive.
Additional evidence showing increases in catalytic efficiency
of alkaline phosphatase was reported by Lucid and Griffin (1977).
They showed that synchronized Hela plasma membrane fractions contained
3.0 times more APase activity in the mitotic fractions than in
and S phase fractions. However, immunological methods showed that
S phase plasma membrane fractions contained 5.5 times more alkaline
phosphatase protein than in the mitotic fractions and 11 times more
activity than in the G^ fractions. They concluded that high specific
activity in the mitotic fractions was probably due to the modification
of the alkaline phosphatase protein.
It has been reported that alkaline phosphatase exists in several
conformational forms. The more stable form is enzymatically inactive,
possibly because of the inability of the phosphatase to release
inorganic phosphates. The second conformational state, which is in
equilibrium with the stable form, is enzymatically active and is liable
to undergo a time-dependent, irreversible, denaturation probably by
dissociating into monomers (Fernly and Walker, 1967; Posen et al.,
1969) . Griffin et al. (1973) reported that Hela APase from control
cells bound 3 times more phosphate per mole of enzymes than cortico¬
steroid induced cultures. They suggested that the induced APase
was able to release more inorganic phosphate, thus accounting for the
increase in APase catalytic efficiency.
The results obtained here indicate that alkaline phosphatase was
induced during con A-stimulation and that RNA synthesis was necessary
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for its induction. Immunological studies using purified APase from
mitogen-stimulated cells could help determine the mechanism for
induction of alkaline phosphatase activity. These studies could
explain whether or not the appearance of APase in lymphocyte blast
transformation is due to an increase in the number of alkaline
phosphatase molecules and/or an increase in its catalytic efficiency.
A placental-type alkaline phosphatase isoenzyme has been
reported to appear in human tumors (Stolbach et al., 1969; Fishman
et al., 1968) and murine lymphoma (Lumb and Floyd, 1978; Floyd et
al., 1979). It has been suggested that alkaline phosphatase may be
a cell-coded enzyme which is de-repressed in the course of neoplastic
transformation (Lumb and Doell, 1970). Placental alkaline phosphatase
has been compared to mitogen-induced APase of C57B1 mice. No
significant differences were found in heat activation, phenylalanine,
homoarginine or pH optimum (Godfrey and Lumb, manuscript in preparation).
De-repression of normally repressed genes is a phenomenon which
seems to be common to both the neoplastic state and the normal immune
responses. The data presented in this thesis suggest that in the
normal immune response, alkaline phosphatase may serve as a lymphoblastic
marker. Thus, the elucidation of the induction of alkaline phosphatase
may be fundamentally important in understanding malignant transformation.
CHAPTER VI
SUMMARY
1. Alkaline phosphatase appears during mitogen-induced blast
transformation.
2. DNA synthesis is necessary for the induction of alkaline
phosphatase.
3. Alkaline phosphatase is dependent on RNA synthesis.
4. Alkaline phosphatase may be used as a marker of blastogenesis
during the normal immune response.
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